A role for infectious agents has been proposed in the etiology of childhood acute lymphoblastic leukemia (ALL), particularly for common ALL (c-ALL; ALL diagnosed in children ages 2-5 years and expressing CD10 and CD19 surface antigens). We evaluated the possible etiologic role of daycare attendance (a proxy measure for exposure to infectious agents) and infections during infancy in the Northern California Childhood Leukemia Study. A total of 294 incident ALL cases (ages 1-14 years) and 376 individually matched controls were included in this analysis. In non-Hispanic White children, daycare attendance measured by child-hours was associated with a significantly reduced risk of ALL. Compared with children who did not attend any daycare, the odds ratio (OR) for those who had >5,000 child-hours during infancy was 0.42 [95% confidence interval (95% CI), 0.18-0.99] for ALL and 0.33 (95% CI, 0.11-1.01) for c-ALL. Test for trend is also significant, which supports a dose-response relationship. The magnitude of effect associated with the same number of child-hours was stronger for daycare attendance during infancy than for daycare attendance before diagnosis. In addition, self-reported ear infection during infancy was associated with a significantly reduced risk of c-ALL (OR, 0.32; 95% CI, 0.14-0.74) in non-Hispanic White children. In Hispanic children, no association was observed among daycare attendance, early infections, and risk of childhood ALL or c-ALL. These results offer indirect yet strong support for the infectious disease hypothesis in the etiology of ALL in non-Hispanic White children and highlight an important ethnic difference.
Introduction
Infectious agents have long been suspected of playing a role in the etiology of childhood leukemia, especially acute lymphoblastic leukemia (ALL). Greaves hypothesized that delayed exposure to common infections leads to an inadequately stimulated immune system and a subsequently increased risk of childhood leukemia, particularly common ALL (c-ALL; ALL diagnosed in children ages 2-5 years and expressing both CD10 and CD19 surface antigens), which has a maximum incidence in 2-to 5-year-olds (1, 2) . Alternatively, Kinlen suggested that childhood leukemia might result from a rare response to a common infection(s), which has not been identified to date (3) . Increased risks would occur when populations from different geographic areas were mixed resulting in an increased level of contact between infected and susceptible individuals (3) . Testing these hypotheses has been challenging, mainly because it is difficult to directly measure exposure or delayed exposure to infectious agents.
In developed countries, most exposure to common childhood infections results from contact with other children, and daycare attendance has been suggested as an indirect measure of early exposure to infectious agents (4) . It has been well documented that daycare attendance increases the risk of infections and the risk of infections increases with the number of children in a group (5) (6) (7) . In the Northern California Childhood Leukemia Study (NCCLS), a comprehensive questionnaire was designed to collect relevant data, including daycare and preschool (''daycare'') attendance and the occurrence of several types of infections during infancy (i.e., 0-11 months) to assess the infectious disease hypothesis. An earlier analysis of the NCCLS data (140 ALL cases and 140 controls) has indicated that extensive contact with other children in a daycare setting is associated with a reduced risk of ALL (8) . This current report expands the previous research by including a larger number of subjects (294 ALL cases and 376 controls), further characterizing ALL using flow cytometry characteristics, studying the timing of daycare attendance, and adding early infections to the analysis. In addition, a possible difference in risk between Hispanic and non-Hispanic White children is evaluated.
Materials and Methods
Study Design. The NCCLS commenced in 1995 and is currently ongoing. The study area includes 17 counties in the Greater San Francisco Bay Area (1995 to present) and in 1999 was expanded to include 18 additional counties in northern and central California. In the NCCLS, incident cases of newly diagnosed childhood leukemia (ages 0-14 years) are rapidly ascertained from major pediatric clinical centers, usually within 72 hours after diagnosis. Although case ascertainment is hospital-based, a comparison with all population-based cases ascertained by the statewide California Cancer Registry (2000) confirms that the NCCLS protocol successfully identified 95% of all age-eligible newly diagnosed childhood leukemia cases among residents of the five-county San Francisco metropolitan area and 76% of such cases in the other 30 counties. Controls are randomly selected from the statewide birth certificate files maintained by the Center for Health Statistics in the California Department of Health Services and individually matched to cases on date of birth, sex, mother's race (White, African American, or other), and Hispanic status (a child is considered Hispanic if either parent is Hispanic). For cases diagnosed before December 1, 1999, the case-control ratio was 1:1, and mother's county of residence at the time of child's birth was used as an additional matching criterion. For cases diagnosed on or after December 1, 1999, the case-control ratio is 1:2. A detailed protocol for control selection has been reported elsewhere (9) .
To be eligible, each case or control had to (a) reside in the study area; (b) be <15 years at the reference date (date of diagnosis for cases and the corresponding date for matched controls); (c) have at least one parent or guardian who speaks English or Spanish; and (d) have no previous history of malignancy. Approximately 86% of the eligible cases consented to participate. The consent rate did not differ by language spoken (English or Spanish). To enroll the 376 controls included in the study, a total of 806 potential controls were searched (yield = 376 / 806 = 46.6%), among which 139 (17.2%) could not be located and 126 (14.6%) refused without providing eligibility information. Of the 541 potential controls who were successfully located and whose eligibility was assessed, 448 (82.8%) were eligible. If the same percentage of eligible subjects among those whose eligibility was assessed (n = 541) was assumed in those whose eligibility could not be assessed (n = 139 + 126 = 265), a total of 667 potential controls were presumed eligible [n = 448 + (265 Â 82.8%) = 667]. Therefore, the overall control participation rate in the study was f56% (376 / 667 = 56.4%).
To enroll 172 non-Hispanic White controls, a total of 346 potential controls were searched; to enroll 153 Hispanic controls, a total of 349 potential controls were searched. The yield in non-Hispanic White controls (172 / 346 = 49.7%) was somewhat higher than the yield in Hispanic controls (153 / 349 = 43.8%), but the two proportions are not statistically significant (P = 0.12).
The study protocol was approved by the institutional review boards of the University of California-Berkeley and all collaborating institutions, and a written informed consent was obtained for all participating subjects.
Study Population and Data Collection. A personal interview with the primary caretaker of each case or control subject, usually the biological mother, was scheduled as soon as consent was obtained. By the end of 2002, a total of 382 cases and 482 matched controls had been interviewed in the NCCLS. Among the 864 subjects, 25 (12 cases and 13 controls) were excluded because the respondents were not biological mothers of the index children (n = 17) or the biological mothers could not recall the details of their children's daycare attendance (n = 8). Among the remaining 839 subjects, there were 270 matched pairs (1 case and 1 control) and 92 matched triplets (1 case and 2 controls). After excluding non-ALL cases (n = 55) as well as ALL cases diagnosed during infancy (which is believed to have a distinct etiology; n = 13), a total of 294 ALL cases who were diagnosed at age z12 months and 376 matched controls (212 pairs and 82 triplets) were included in the present analysis.
Daycare attendance data were censored on the reference date (date of diagnosis for cases and corresponding date for matched controls), or at age 6 years, whichever occurred first. For this analysis, the following variables were included or constructed: (a) history of attending any daycare facilities (yes/no); (b) age when first started daycare (in months); (c) duration of stay at all daycare facilities (in months) regardless of hours attended; (d) mean hours per week attending daycare facilities; (e) mean number of other children in attendance at each daycare facility; and (f) total child-hours, which is an overall summary of daycare attendance. Child-hours at each daycare is calculated as follows: number of months attending a daycare Â mean hours per week at this daycare Â number of other children at this daycare Â 4.35 (i.e. number of weeks per month). The child-hours at each daycare were added to obtain the total child-hours for each child. For children who never attended daycare, an age of 72 months was assigned as the age when first started daycare, and a value of 0 was assigned as duration of stay, mean hours per week, mean number of children, total number of children, and total child-hours.
To eliminate the possibility that leukemia-related symptoms may have affected daycare attendance just before diagnosis, daycare attendance data were also censored 1 year before the reference date. Furthermore, for the purpose of assessing the role of early exposure to infectious agents, we also censored daycare attendance on age 1 year and calculated the total child-hours for daycare attendance during infancy.
Data on the number of other children in household before the index child went to first grade were also collected. This variable is a potential indicator of exposure to infectious agents by contact with other children in the same household. In addition, the respondents were asked about child's infection history during infancy, including severe diarrhea/vomiting, ear infection, persistent cough, mouth infection, eye infection, influenza, and unspecified ''other infections.'' Case Characterization. In the NCCLS, clinical records of all cases were abstracted, usually within several months after diagnosis. Medical data abstracted included findings from pretreatment bone marrow aspirate, bone marrow biopsy, flow cytometry, and cytogenetics. Abstracted data were reviewed by a clinical hematologist/oncologist to ensure accuracy and completeness. These data were used to classify cases. In the present study, we not only analyzed ALL as a whole but also evaluated its major subtypes c-ALL and non-c-ALL. c-ALL is defined as ALL diagnosed in children ages 2 to 5 years and expressing both CD10 and CD19 surface antigens (10) , and all other ALL is classified as non-c-ALL.
Statistical Analysis. Pearson's m 2 test was used to compare demographic factors, socioeconomic characteristics, and daycare attendance between cases and controls as well as daycare attendance (ever versus never) between Hispanic and nonHispanic White children. Nonparametric Wilcoxon rank-sum test was used to compare characteristics of daycare attendance (which were measured as continuous variables and did not seem to be normally distributed) between cases and controls of the same ethnicity as well as between Hispanic and nonHispanic White children of the same case-control status. A quantile-quantile plot, which is an important graphic technique for comparing shapes of distributions (11) , was used to illustrate the difference in total child-hours between cases and controls. Data were plotted separately for Hispanic and nonHispanic White children. Conditional logistic regression models were used to estimate odds ratios (OR) and construct 95% confidence intervals (95% CI) as approximations of relative risks, adjusting for maternal education and annual household income. To avoid the loss of subjects with unknown household income data in analyses, the reported median annual household income of the study population (US $30,000-44,900) was assigned to 19 subjects (8 cases and 11 controls).
Results
Demographic, socioeconomic, and selected birth characteristics of cases and controls are presented in Table 1 . Control families had a significantly higher household income than cases (P = 0.001), and mothers of controls had higher education levels than mothers of cases (P = 0.03). Maternal age at the time of the index child's birth appeared older in cases than in controls, but the difference was not statistically significant. Cases and controls had similar birth weight and were of similar birth order. The difference in duration of breast-feeding between cases and controls was not statistically significant.
A slightly higher percentage of controls (67.6%) than cases (62.2%) attended daycare before the reference date. Similar difference was observed in both Hispanic and non-Hispanic White children. None of the differences reached statistical difference. However, in both cases and controls, significantly less Hispanic children attended daycare than their nonHispanic White counterparts (Table 2) . Compared with the cases, controls started daycare at a younger age, stayed at daycare for longer duration (more months of stay), spent more hours at daycare facilities per week, were exposed to more children at each daycare facility, and had more child-hours. Although not all the individual tests were statistically significant, a consistent pattern was observed (Table 3) .
When the analyses were stratified by ethnicity, it was clear that the relationship between daycare attendance and risk of childhood ALL was not the same in Hispanic and nonHispanic White children. Furthermore, in both cases and controls, Hispanic and non-Hispanic White children were significantly different with respect to age first started daycare, months of stay, mean number of other children at each facility, total child-hours, and number of other children in household before the index child went to first grade (Table 3) .
The quantile-quantile plot (cases versus controls) clearly showed that non-Hispanic White cases had fewer total childhours than matched controls (Fig. 1) . If there were no difference in the distribution of total child-hours between non-Hispanic White cases and controls, the points would have randomly deviated from the dotted reference line as opposed to clustering in one side of the reference line. The points on the quantile-quantile plot for Hispanic cases and controls were on both sides of the reference line (Fig. 1) .
Due to the striking differences observed between Hispanic and non-Hispanic White subjects (Tables 2 and 3 ; Fig. 1 ), the infectious disease hypothesis is tested separately in the two ethnic groups. In our previously published analysis of daycare attendance and risk of childhood ALL (8), child-hours was the dominant predictor of case-control status, and other variables measuring daycare attendance add little additional independent information to the evaluation of association between daycare attendance and the risk of ALL. We confirmed this in the present analysis (data not shown). After the confirmation, child-hours was used as the primary measure for estimating ORs and constructing 95% CIs (Table 4) .
In non-Hispanic White children, there was a significant dose-response relationship between child-hours censored on the reference date and a reduced risk of childhood ALL (P for trend = 0.03) or c-ALL (P for trend = 0.01; Table 4 ). Comparing with children who did not attend any daycare facilities, the OR for children who had z15,000 child-hours was 0.28 (95% CI, 0.08-0.95) for c-ALL. A child would have 15,000 child-hours if he or she attended a daycare facility with 10 other children for 20 hours per week for f17.3 months. The association between daycare attendance and the risk of c-ALL persisted when daycare attendance was censored 1 year before the reference date (Table 4 ). An association in the same direction was also observed for child-hours censored at age 1 year. In addition, the magnitude of effect associated with the same number of child-hours was stronger for daycare attendance during infancy than for daycare attendance before the reference date. The OR associated with each thousand child-hours was 0.880 (95% CI, 0.786-0.985) and 0.978 (95% CI, 0.961-0.996) for attendance during infancy and attendance before the reference date, respectively. Five thousand child-hours during infancy correspond to an OR of (0.880) 5 = 0.53 (95% CI, 0.30-0.93), whereas the same level of exposure before the reference date corresponds to an OR of (0.978) 5 = 0.89 (95% CI, 0.82-0.98). Daycare attendance did not seem to be associated with the risk of non-c-ALL in non-Hispanic White children or the risk of any type of ALL (total, c-ALL, or non-c-ALL) in Hispanic children (Table 4) .
In non-Hispanic White children, self-reported ear infection during infancy was associated with a significantly reduced risk of c-ALL (OR, 0.32; 95% CI, 0.14-0.74). The ORs associated with having 1 to 4 and z5 infections during infancy (seven different types combined) were <1 for c-ALL among non-Hispanic White children, but both 95% CIs indicated that the observed results may be due to random variation (Table 5) . None of the other kinds of infections during infancy (severe diarrhea/ vomiting, persistent cough, mouth infection, eye infection, influenza, or unspecified ''other infections'') seemed to be associated with the risk of ALL in non-Hispanic White children (Table 5 ; some data not shown). There was also no indication of any association between infections and the risk of ALL in Hispanic children.
Adjusting for history of breast-feeding or the number of other children living in household before the index child went to first grade had no significant impact on the results of the analyses described above.
Discussion
In the present study, daycare attendance and ear infection during infancy were associated with a significantly reduced risk of ALL, especially c-ALL, in non-Hispanic White children. This observation offers support to the infectious disease hypothesis regarding the etiology of childhood ALL. In Hispanic children, however, no evidence supporting this hypothesis was observed. It is not clear whether the observed ethnic difference could be due to cultural and environmental differences or biological characteristics.
Four previous studies have reported a statistically significant protective effect of daycare attendance (12) (13) (14) (15) . In a Greek study, childhood leukemia cases in metropolitan Athens were less likely than controls to have attended daycare, especially for attendance of at least 3 months before age 2 years (12) . A significantly protective effect of daycare attendance was observed in a population-based Canadian study with ALL cases ages 0 to 9 years. Compared with children who never attended daycare, the ORs for children who started daycare at V2 and >2 years were 0.49 (95% CI, 0.31-0.77) and 0.67 (95% CI, 0.45-1.01), respectively (13) . In a French study, a significantly lower percentage of childhood acute leukemia cases ages >2 years than controls attended any daycare, and an early age at start of daycare was associated with a reduced risk of childhood acute leukemia (14) . In another French study, the OR associated with daycare attendance was 0.7 (95% CI, 0.6-1.0) for ALL and 0.8 (95% CI, 0.6-1.0) for c-ALL, respectively, and an effect of early age at start of daycare (<3 months) was observed (15) . Several other studies did not find a statistically significant association between daycare attendance and childhood leukemia. The OR for history of daycare attendance was 0.83 (95% CI, 0.51-1.37) for childhood leukemia in a Greek study (16) and 0.67 (95% CI, 0.40-1.12) for childhood ALL in a New Zealand study (17) . In a U.S. study with a large sample size and detailed disease characterization, neither attendance at daycare, age first started daycare, nor time enrolled at daycare was associated with risk of childhood ALL or c-ALL (10). In another U.S. study, longer duration of daycare attendance *ORs and 95% CIs are derived from conditional logistic regression models, adjusting for annual household income and maternal education. c''Censored'' at a specific point in time indicates that exposure occurred after that point is not considered. The ''reference date'' is the date of diagnosis for cases and the corresponding date for matched controls. bP for trend is obtained by putting child-hours in the conditional logistic regression model as a continuous variable. seemed to confer a reduced risk of childhood ALL, especially Blineage ALL, but the association was not consistently statistically significant (18) . More recently, daycare attendance was not associated with the risk of childhood acute leukemia in a small case-control study conducted in Hong Kong, China (19) . The potential etiologic role of infections has been investigated in several studies. In a study of ALL in the Netherlands, children who had infections during infancy that required hospitalization had a OR of 0.6 (95% CI, 0.4-1.0; ref. 20) . A German study evaluated 18 different types of infectious diseases before diagnosis. The OR for children ages z2 years who had no infectious disease during the first year of life but at least one infectious disease during the year preceding diagnosis, compared with those who had at least one infectious illness during the first year of life or no infectious illness during the year before diagnosis or both, was 1.2 (95% CI, 1.0-1.5) for c-ALL (21) . It was observed in a Scottish study that the presence of a neonatal infection significantly reduced the risk of ALL, particularly in children diagnosed before age 4 years (22) . Ear infection during infancy was less common among ALL cases than among controls in a U.S. study, with ORs of 0.86, 0.83, 0.71, and 0.69 for 1, 2 to 4, and 5+ episodes and continuous infections, respectively (P for trend = 0.026). In addition, the significantly inverse association with ear infection during infancy was more evident for c-ALL (10) . As observed in a study conducted in Hong Kong, China, roseola and/or fever and rash during infancy were associated with a reduced risk of childhood acute leukemia (19) . In a French study, having more than three infections per year before age 2 years was associated with a significantly reduced risk of childhood acute leukemia, as was surgical operation for earnose-throat infections before age 2 years (14) . In another French study, having more than three infections during infancy was linked to a reduced risk of ALL (15) . More recently, any infection in the first 2 years of life was linked to a reduced risk of ALL in children with Down syndrome (23).
Petridou et al. conducted a study with 94 ALL cases and 94 controls from Greece (24) . In this study, past exposure to common infections was assessed using 10 serologic markers. There was little evidence for an association of ALL with the serology of any of the studied infectious agents among the very young children. In contrast, among children ages z5 years, leukemia was inversely associated with seropositivity to EBV, human herpes virus-6, Mycoplasma pneumoniae, and parvovirus B19. The findings indicate that among children ages z5 years the risk of ALL may be higher when the low herd immunity for several agents is challenged by late infection from an agent that, as a rule, would attack children at a younger age (24) .
To our knowledge, the present study is the first to report an ethnic difference in the relationship among daycare attendance, infections, and risk of childhood ALL. Compared with non-Hispanic White children included in the study, Hispanic children in the study had significantly more other children living in the same household before they went to first grade. In addition, few Hispanic children started attending daycare before age 1 year. Thus, it is possible that contact with other children in a daycare setting was not the primary source of exposure to infectious agents for the Hispanic children included in this study. If the ethnic difference observed in the NCCLS is confirmed by other studies, it would be interesting to further explore underlying mechanisms. In our previously published analysis of daycare attendance (8) , no ethnic difference was observed, which was probably due to the small number of Hispanic subjects included (30 cases and 30 controls).
A major strength of the present study is the detailed and timely assessment of daycare exposures. Comprehensive data on the time a subject started and stopped attending each daycare facility, number of hours on average spent at the facility, and number of other children at the facility were obtained through personal interviews within several months after the reference date. In contrast to many previous studies that focused primarily on history of daycare attendance (ever versus never) and age beginning daycare attendance, we analyzed several different variables measuring daycare attendance and constructed child-hours, a variable that effectively summarized different aspects of daycare attendance. As for infections, respondents were asked specifically whether the index child had had any severe diarrhea/vomiting, ear infection, persistent cough, mouth infection, eye infection, and influenza during infancy, and if yes, when the infection occurred, how long it lasted, whether it required contacting a doctor and obtaining a prescription. These types of closeended questions for specific infections generate higher-quality data than open-ended nonspecific questions (25) . Data included in the present analysis were restricted to information provided by biological mothers who were the primary caretakers of the index children. The availability of data on the timing of daycare attendance enabled censoring on the reference date, which ensures that cases and controls had a comparable time window for exposure. Censoring daycare attendance 1 year before the reference date eliminated the possibility that leukemia-related symptoms may have affected daycare attendance right before diagnosis. Furthermore, censoring daycare attendance at age 1 year offered a more detailed classification of exposure and a unique opportunity to study the timing of exposure.
Improved disease characterization is also strength of the present study. Based on biological plausibility, c-ALL is likely more appropriate than ALL for testing the infectious disease hypothesis (1, 2) . For variables that seemed to be associated with the risk of ALL, the magnitude of effect with c-ALL was consistently stronger.
In the NCCLS, the matched population-based controls were selected from statewide birth records. An earlier evaluation indicated that controls enrolled in the NCCLS were comparable to ideal controls who would have been enrolled under optimal circumstances with respect to parental ages, maternal history of fetal loss, birth weight, birth order, and time since last live birth (9) . However, cases and controls included in the present analysis were significantly different in annual household income and maternal education, two variables that reflect socioeconomic status and may also affect daycare attendance and early infections. Although these two variables were adjusted for in the analyses, possible residual confounding remained a concern. In a subgroup analysis of matched cases and controls who had the same annual household income, which were about a third of the overall study population, the pattern of association with daycare attendance and infections persisted. This result provided some assurance that the findings were not due to socioeconomic differences between cases and controls (i.e., due to selection bias). In addition, the striking differences between Hispanic and non-Hispanic White children and the differences observed between c-ALL and non-c-ALL provided evidence against selection bias as well as recall bias in the reporting of exposures by case mothers and control mothers.
A limitation of the study is the moderate number of cases and controls included, especially after stratifying by ethnicity and ALL subtype. Stratifying observations inevitably reduces sample size (statistical power). Nevertheless, more homogeneous subgroups reduce potential misclassification of the disease and therefore likely improve the quality of the study. The use of a matched design and a matched analysis also serves to increase the precision of the risk estimates. Another limitation of the study is that information on daycare attendance and infections during infancy was all self-reported.
To summarize, findings from the NCCLS data indicate a strong ethnic difference in the relationship among daycare attendance, early infections, and risk of childhood ALL. Daycare attendance and ear infection during infancy were associated with a significantly decreased risk of ALL among non-Hispanic White children in northern and central California but not among Hispanic children in the same region. In the future, studies with larger sample size, diverse ethnic groups, detailed exposure assessment, and more direct measures of infections and immune response are needed to elucidate the immunologic mechanisms in the etiology of childhood ALL.
